
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



26 CHEMISTRY: BAXTER AND HARTMANN 

A REVISION OF THE ATOMIC WEIGHT OF CADMIUM 
By Gregory Paul Baxter and Miner Louis Hartmann 

COOUDGE MEMORIAL LABORATORY, HARVARD UNIVERSITY 
Presented to the Academy, October 31, 1914 

In several recent investigations by Hulett and his collaborators 1 
concordant values have been obtained for the atomic weight of cadmium 
by the electrolytic deposition, in a mercury cathode, of the metal in 
hydrated and anhydrous cadmium sulphate and in anhydrous cadmium 
chloride and bromide, and by the comparison of simultaneous electro- 
lytic deposits of cadmium and silver. The average value so obtained 
for the constant in question is 112.3. On the other hand, Baxter, Hines, 
and Frevert 2 had previously found a considerably higher value, 112.42, 
by the estimation of the halogen-content of cadmium chloride and bro- 
mide. So wide a discrepancy is disturbing and obviously needs attention. 
We therefore decided to repeat a portion of the work of Quinn and 
Hulett by analyzing anhydrous cadmium chloride through the electro- 
lytic deposition of the cadmium in a mercury cathode. 

Cadmium material was purified (1) by electrolytic deposition with 
a dissolving anode (yielding samples A and B), (2) by fractional pre- 
cipitation with hydrogen sulphide (yielding samples C and D), and 
(3) by crystallization of cadmium bromide (yielding samples E and F) ; 
these operations being followed by crystallization of cadmium chloride 
(except in the case of sample E where the bromide was converted 
into chloride by fusion in a current of dry chlorine). Another sam- 
ple (G) was obtained by combining the mother-liquors of the other 
specimens of cadmium chloride and, after crystallizing the salt, fus- 
ing the mixture in dry chlorine. In order to follow the purity of the 
different samples, the metal was deposited electrolytically from the 
mother-liquor of the last chloride crystallization in each case; and, after 
conversion into electrodes by fusion, it was used for the production of 
spark-spectra which were photographed in a Fery quartz spectograph. 
Careful examination of the spectrograms in the visible and ultraviolet 
regions showed that some of the samples were wholly free from im- 
purities, and that, although some of them contained traces of copper and 
lead, the proportions of these impurities were too small to have any 
perceptible effect upon the outcome. Furthermore, the analyses of the 
chloride showed no apparent differences between the different samples. 
On the whole, crystallization of cadmium bromide seemed to be the most 
rapid and efficient method of purifying cadmium material. 
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For the electrolytic deposition of the metal the special form of cell 
shown in the figure was designed. In this cell both the cathode A and 
the anode B were fused into the glass and weighed with the cell, in order 
that any metal dissolved from the anode during electrolysis might im- 
mediately be deposited upon the cathode. This made it possible to 
electrolyze the chloride solution directly without pre- 
vious removal of the chlorine. Another advantage of 
this form of cell lies in the possibility of introducing 
bodily the boat in which the salt was fused prepara- 
tory to weighing, so that no quantitative transference 
of solution was necessary. The mercury and the amal- 
gams were prepared for weighing by washing with water 
and alcohol and drying in a high vacuum. Spurting 
of the amalgams out of the cell during the drying was 
prevented by the specially constructed stopper C, which 
was always weighed with the cell. 

Blank determinations in which hydrochloric acid solu- 
tions were electrolyzed showed that the cell with a charge 
of mercury could be depended on to remain constant in 
weight. Furthermore, no evidence could be found of 
appreciable oxidation of the amalgams. 

The experimental procedure of an analysis was as 
follows: The cadmium chloride, in a quartz boat con- 
tained in a quartz tube, was heated in a current of pure 
dry hydrochloric acid gas, gently at first so as to expel 
as much as possible of the water at a low tempera- 
ture, but finally for some minutes at the fusing-point. 
After the tube had been allowed to cool, the hydro- 
chloric acid was displaced by pure dry nitrogen, which 
was in turn displaced by dry air. Then the boat was transferred to the 
weighing bottle, in which it was originally weighed, by means of a 
'bottling apparatus,' 3 without exposure to moisture, and weighed. 
Next the boat was inserted in the cell, in which it was supported upon 
the anode. The weighing bottle was rinsed, and the rinsings were used 
to dissolve the salt in the cell. For the purpose of retaining spray 
formed during the electrolysis, a column of bulbs, which had been ground 
into the mouth of the cell, was inserted. Electrolysis was then com- 
menced, at first with a current of about 0.5 ampere. Later, when the 
greater part of the cadmium had been deposited, the current-strength 
was increased until finally the eight storage cells used as the source of 
electricity were short-circuited through the cell. The whole operation ex- 
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tended over about eight hours. At the end chlorine had nearly ceased to 
be evolved at the anode, although some residual conductivity remained, 
owing to the formation of a small amount of perchloric acid. Toward 
the end of the electrolysis the column of bulbs and the walls of the cell 
were several times rinsed into the cell. At the completion of the electrol- 
ysis the electrolyte was displaced with water which had been freshly 
saturated with hydrogen; and the water in turn was displaced with pure 
alcohol, the maximum voltage being maintained between the electrodes 
during the operations, and care being taken not to break the electrolytic 
circuit. The cell was then placed in a desiccator containing fused potas- 
sium hydroxide, the pressure in the desiccator was reduced to a few milli- 
meters of mercury with a mechanical pump, and the cell was allowed 
to stand until the alcohol had evaporated. The cell was next trans- 
ferred to a second desiccator which contained the counterpoise of the 
cell, and the two were allowed to stand in a low vacuum for some hours 
before being weighed. Further standing in an exhausted desiccator 
produced no change in weight, showing both that the cell and amalgam 
were dry and that the amalgam had little tendency to oxidize. The 
rinsings, both aqueous and alcoholic, were evaporated in a quartz dish 
with a very small amount of redistilled sulphuric acid; and, after trans- 
ference to a weighed platinum crucible, the residue was ignited at dull 
redness. In this way a residue, in most cases weighing less than one 
milligram, was obtained which was shown to be cadmium sulphate. 
A correction to the weight of cadmium was applied upon this basis. 
Complete precipitation of the cadmium was never secured, although, 
according to the experience of Quinn and Hulett, no cadmium is left 
undeposited, even when a relatively large amount of sulphuric acid is 
present. The small amount of free chlorine contained in the residual 
electrolyte in our experiments may have been the cause of the incomplete 
deposition of the metal. 

The weighing-bottle containing the boat and the electrolytic cell were 
both weighed by substitution for a counterpoise very similar in con- 
struction and of the same total volume. 

The experimental data and the results calculated from them (assum- 
ing the atomic weight of chlorine to be 35.457) are shown in the accom- 
panying table. The weights here given have been reduced to the vacuum 
standard by applying the following corrections for each gram of sub- 
stance: cadmium chloride, + 0.000152 g, cadmium dissolved in mer- 
cury, - 0.000016 g. 

It will be seen that this research has yielded a value (112.417) for the 
atomic weight of cadmium in very close agreement with the earlier one 
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(112.42) obtained by Baxter, Hines, and Frevert. In other words the 
determinations of the cadmium and chlorine in cadmium chloride sum 
up to almost exactly one huudred per cent. The disagreement of the 
outcome of this research with that of Quinn and Hulett's work also 
is marked. 



ANALYSIS 
NUMBER 


SAMPLE 


GRAMS op 
CdCh 


GRAMS OJ? 

Cd 


RATIO 

Cd:Ch 


ATOMIC WEIGHT 


1 


A 


6.08570 


3.73181 


1.58538 


112.426 


2 


A 


4.20489 


2.57863 


1.58562 


112.443 


3 


A 


5.36203 


3.28817 


1.58553 


112.436 


4 


B 


7.50512 


4.60221 


1.58538 


112.426 


5 


B 


6.71591 


4.11839 


1.58551 


112.435 


6 


B 


5.91556 


3.62763 


1.58555 


112.438 


7 


C 


5.49323 


3.36805 


1.58483 


112.387 


8 


B 


3.14416 


1.92791 


1.58513 


112.408 


9 


C 


7.58705 


4.65173 


1.58474 


112.381 


10 


B 


2.26738 


1.39006 


1.58444 


112.359 


11 


B 


5.93501 


3.63962 


1.58562 


112.443 


12 


F 


6.04122 


3.70490 


1.58578 


112.454 


13 


D 


4.07400 


2.49821 


1.58537 


112.425 


14 


E 


9.00004 


5.51879 


1.58529 


112.419 


15 


G 


6.56891 


4.02808 


1.58534 


112.423 


16 


G 


7.12956 


4.37174 


1.58522 


112.414 


17 


E 


8.57291 


5.25679 


1.58522 


112.415 


18 


G 


7.76294 


4.76011 


1.58521 


112.413 




1.58529 


112.419 


Average o 


f analyses 


14 to 18 




1.58526 


112.417 
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